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ABSTRACT.  The  range  at  which  U.S.  Navy  pilots  could  detect  and 
recognize  olive-drab  vehicles  parked  on  a  light-brown,  graded 
strip  in  the  desert  was  measured  in  flight  tests  conducted  in 
1962.  Scripps  Visibility  Laboratory  measured  light  transmis-  * 

si  on  through  the  aircraft  windscreen  and  the  atmosphere.  Vehi¬ 
cle  and  background  luminance  measurements  were  also  made. 

These  measurements  were  used  by  Scripps  as  inputs  to  a  mathe¬ 
matical  model  to  compute  detection  and  recognition  range. 

Computed  detection  ranges  were  within  at  least  15  to  29^ 
of  those  measured  in  the  f.ighf  tests.  Computed  recognition 
ranges,  however,  were  about  three  times  as  great  as  those 
measured  in  the  field. 

This  report  does  not  represent  current  Scripps  modeling 
techniques.  It  should  be  considered  useful  principally  for 
the  field  data  presented,  and  for  the  historical  information 
on  mathematical  modeling  of  the  visual  process. 
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FOREWORD 


This  field  experiment  was  conducted  at  the  Naval  Weapons  Center 
(formerly  the  U.S.  Naval  Ordnance  Test  Station)  during  the  summer  of 
1962.  Mr.  Louis  0.  Erwin  of  the  Weapons  Planning  Group  was  the  pro¬ 
ject  engineer.  Mr.  Erwin's  untimely  death  precluded  his  reporting 
the  results.  The  Human  Factors  Branch,  also  active  in  the  study  of 
visual  processes,  assumed  the  responsibility  of  analysing  the  data 
and  issuing  the  report. 

This  report  describes  a  flight  test  program  to  validate  a  mathe¬ 
matical  model  of  the  visual  detection  process.  Part  1  briefly  de¬ 
scribes  the  flight  tests  and  results,  and  compares  the  test  data  to 
the  predicted  performance.  Part  2  is  a  reprint  of  the  Scripps  Visi¬ 
bility  Laboratory  contract  report  and  describes  the  tests  and  geo¬ 
physical/photometric  measurements  taken  during  the  tests.  Part  2  also 
describes  the  prediction  process  used  by  Scripps  in  1962  for  obtaining 
detection  or  sighting  ranges  and  presents  the  results. 

The  work  was  funded  by  the  Naval  Air  Systems  Command  (formerly 
*the  Bureau  of  Naval  Weapons),  and  it  was  conducted  from  June  1962 
-to  September  1963. 

Part  1  of  this  report  was  reviewed  for  technical  accuracy  by 
Dr.  R.  F.  Rowntree. 
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FLIGHT  TESTS 


TEST  EQUIPMENT 

The  A-4  aircraft  was  the  test  vehicle  used  in  these  tests.  All 
observations  were  made  looking  through  the  front  of  the  windscreen, 
through,  or  past,  the  gunsight  combining  glass. 

All  flights  were  level  along  a  bulldozed  strip  (flight  line)  in 
the  desert.  This  80,000-foot- I ong  flight  line  is  part  of  an  instru¬ 
mented  test  range  at  the  Naval  Weapons  Center.  The  range  facility 
includes  a  control  tower  and  an  optical  tracking  system  that  provides 
continuous-position  information  on  the  aircraft. 

The  two  targets  were  a  Sherman  tank  and  a  radar  van  without  the 
radar  dish-antenna.  They  were  freshly  painted  olive-drab  but  had  a 
light  covering  of  dust.  The  targets  were  placed  on  the  flight  line 
within  a  26,000-foot  strip. 


SUBJ ECTS 

Thirty-four  subjects  were  used  in  the  tests.  All  were  U.S.  Navy 
pilots  of  A-4  aircraft  attached  to  either  Air  Development  Squadron  5 
(VX-5),  stationed  at  China  Lake,  or  to  Marine  Attack  Squadron  223, 
which  was  temporarily  using  the  test  ranges  for  target  practice. 


PROCEDURE 

A  pilot  from  VX-5,  the  project  coordinator,  briefed  all  of  the 
subjects,  instructing  them  to  fly  north  along  the  bulldozed  strip  at  a 
constant  altitude  and  airspeed.  They  were  to  look  for  a  tank  or  radar 
van  parked  on  the  strip,  somewhere  north  of  a  conspicuous  bull's  eye. 

At  detection,  they  were  to  signal  the  control  tower  via  radio.  As  soon 
as  they  could  recognize  the  target  as  either  the  tank  or  van,  they  were 
to  signal  again  over  the  radio.  The  pilots  were  instructed  to  use 
their  sun  visors  throughout  the  tests. 

There  were  no  catch  trials;  that  is,  there  was  a  target  for  each 
pass.  The  experience  of  the  pilots  in  flying  on  the  China  Lake  range 
was  varied.  Most  flew  more  than  once  during  the  tests.  Data  were  ob¬ 
tained  on  94  runs,  for  an  average  of  2.8  flights  per  subject.  Unfor¬ 
tunately,  the  data  do  not  identify  individual  subjects. 
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Flight  altitudes  in  the  original  plan  specified  elevations  of 
1,000,  4,000,  and  8,000  feet  above  ground  level.  Difficulty  in  tracking 
the  aircraft  and  in  identifying  the  targets  under  the  8,00-foot  condi¬ 
tion  precluded  its  use..  The  final  test  altitudes  were  at  1,000,  2,500, 
and  4,000  feet,  with  indicated  airspeeds  of  275,  270,  and  265  knots, 
respectively. 

During  the  flight  tests,  Scripps  personnel  were  making  the  photo¬ 
metric  measurements  required  as  inputs  to  the  sighting  range  prediction 
equations.  These  were  made  at  the  test  site  on  a  non-interference  basis. 


RESULTS 

The  field  data  are  given  in  Tables  1  and  2.  When  the  data  are 
plotted,  it  is  seen  that  the  score  distributions  are  not  gaussian 
(Fig.  1  and  2).  The  cumulative  probability  of  detection  as  a  function 
of  slant  range  is  shown  in  Fig.  3.  After  detection  was  made  in  flights 
at  1,000  feet  altitude,  correct  recognition  of  the  tank  and  the  van  was 
made  85?  of  the  time.  At  2,500  and  4,000  feet,  however,  recognition 
occurred  on  only  54?  of  the  passes.  Of  the  correct  recognitions  from 
2,500  and  4,000  feet,  40?  were  reported  after  the  maximum  forward  I  i ne— 
of-sight  depression  angle  had  been  exceeded.  The  pilots  either  hesitated 
in  reporting  recognition,  guessed  after  the  target  passed  from  view,  or 
rolled  the  aircraft  to  look  out  the  side  of  the  canopy. 

The  predicted  ranges,  and  the  means  of  the  measured  ranges  are 
shown  in  Fig.  4.  Scripps'  calculations  were  based  on  laboratory¬ 
generated  vi sua I -threshold  data,  which  had  to  be  degraded  for  applica¬ 
tion  to  field  situations.  The  degradation  factor,  or  field  factor,  used 
by  Scripps  was  2.4  (small),  3.6  (medium),  or  4.8  (large),  depending  on 
the  situation.  Since  Scripps  did  not  know  whether  the  small  or  medium 
factor  was  appropriate,  they  made  predictions  with  both. 

The  data  show  that  the  predictions  of  detection  range  were  accurate 
(maximum  error:  17?)  when  the  small  field  factor  was  used.  As  Scripps 
personnel  pointed  out,  the  techniques  for  predicting  recognition  range 
were  in  a  much  earlier  stage  of  development.  This  is  evident  in  Fig.  4, 
where  recognition  range  predictions  are  in  error  from  200  to  300?. 
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TABLE  1  Detection  and  Identification  Ranges  Against  the  Tank. 


1,000  ft  altitude 

| 

2,500-ft  altitude 

1 

4,000-ft  altitude 

Slant  range,  ft 

Slant  range,  ft 

1 

Slant  range,  ft 

Date 

T  i  me 

Date 

Time 

Detection 

Recognition 

Detection 

Recognition 

Detection 

Recognition 

_ 

7/16 

15,500 

4,800 

7/30 

B3| 

19,100 

3,800* 

7/16 

1041 

21,900 

7,400* 

7/16 

21,500 

3.700 

8/7 

27,800 

.’,400 

7/19 

1006 

22,800 

11,600 

7/16 

■i  m 

18,300 

2,700 

8/8“ 

tfSfl 

22,800 

3,700* 

7/30“ 

1104 

33,200 

8,300* 

7/17 

WF 

1 1,500 

3,600 

8/8 

1152 

28,800 

9,800 

7/30“ 

1102 

33,200 

4,800* 

7/17 

0813 

20,500 

6,100 

8/9“ 

1353 

20,900 

5,300* 

8/1“ 

8/1“ 

1104 

19,900 

12,200 

7/19 

0740 

23,900 

7,000 

Mean 

23,900 

6,000 

1137 

22,700 

12,300 

7/30 

7/30 

0B  1  8 

17.000 

16,700 

5.800 

3,900 

8/7 

8/8“ 

1010 

34,700 

15,500 

7,200* 

0857 

8/7“ 

1211 

24,600 

1005 

9,700* 

8/1 

07  30 

12,300 

3,300 

8/7“ 

1212 

28,600 

Mean 

25,500 

9,200 

a/i“ 

0829 

20,200 

5,000 

8/7“ 

1259 

30,600 

8/1“ 

0913 

17,600 

3,200 

8/7“ 

23,700 

7/19 

1035 

22,900 

•  .  • 

8/1“ 

0915 

21,200 

2,500 

8/7“ 

1329 

28,700 

7/30“ 

0928 

17,200 

8/7 

0811 

22,700 

3,600 

8/8“ 

1246 

23,200 

7/30“ 

0957“ 

26,300 

•  .  . 

8/7 

0928 

28.600 

6,200 

8/8“ 

1133 

14,200 

8/1“ 

1105“ 

31,600 

.  .  . 

Mean 

19.100 

4,400 

8/9“ 

1354 

23,400 

8/7“ 

1125“ 

12,800 

24,300 

8/8“ 

1001“ 

20,700 

8/1" 

mm 

8,000 

urana  Mean 

8/8“ 

1007“ 

22,000 

8/1“ 

Ksa 

20,300 

8/8 

1031 

28,100 

.  .  . 

8/8“ 

CM 

15,000 

Grand  Mean 

24,100 

8/8“ 

0919 

21,900 

Grand 

Mean 

18,500 

“  VMA-223;  others  are  VX-5. 

b  Maximum  depression  angle  exceeded;  aircraft  must  have  rolled  to  make  Identification. 


TABLE  2.  Detection  and  Identification  Ranges  Against  the  Radar  Van. 


1,000-ft  altitude 

2,500  ft  altitude 

4,000-ft  altitude 

Date 

Time 

Slant  range,  ft 

Date 

Time 

Slant  range,  ft 

Date 

Slant  range,  ft 

Recognition 

Detection 

Recognition 

Detection 

Recognition 

Detection 

7/18 

0749 

16,800 

3,800 

8/2 

1132 

41,100 

11,300 

7/31“ 

1041 

30,900 

27,100 

7/18 

0752 

15,500 

4,800 

8/2“ 

1200“ 

34,100 

7,700 

7/31“ 

1121 

28,100 

7,200* 

7/20 

0643 

9,500 

4,900 

8/3“ 

1145 

22,400 

8,100 

7/31“ 

1145 

41,100 

8,100* 

8/2“ 

0720 

28,000 

7,500 

8/3“ 

1233 

32,400 

6,400 

7/31“ 

1148 

44,200 

4,700* 

8/2“ 

0721 

23.300 

6.600 

8/3“ 

1235 

32,100 

6,000 

8/2 

0939 

34.600 

9,100* 

8/2“ 

0803 

22,400 

7,700 

8/3“ 

1239 

20,400 

8,100 

8/6 

1025 

23,600 

13,400 

8/2“ 

0805 

16,500 

13,500 

8/6“ 

1332 

29,900 

8,000 

8/6 

1029 

21,700 

11,400 

8/3“ 

0820 

19,500 

4,700 

8/6“ 

1324 

20,100 

11,600 

8/9“ 

1004 

19,800 

14,700 

8/3“ 

0821 

27,400 

6,200 

8/9 

1153 

23,400 

8,000 

Mean 

30,500 

12,000 

8/3“ 

8/3“ 

0825 

16,300 

19,800 

4,700 

5,100 

28,400 

8,400 

Mean 

7/18 

0941 

29,300 

8/3“ 

0830 

27,400 

3,700 

8/2“ 

1202 

30,51'C 

7/31“ 

1044 

24,900 

.  .  . 

8/6“ 

1227 

23,800 

9,000 

8/2“ 

1230 

25,490 

7/31“ 

1119 

25,500 

8/9“ 

0751 

20,400 

1,600* 

8/2 

1232 

30,500 

8/9 

1006 

17,900 

8/9“ 

0748 

20,900 

5,200 

8/6 

1359 

20,800 

8/9 

8/9 

1028 

1030 

29,300 

29,800 

27,900 

Mean 

20,500 

5,900 

Grand  Mean 

_ 

8/3 

0819 

8,000 

- ■ .  — j 

Grand  Mean 

28,600 

Grand  Mean 

19,700 

“  VMA-223  others  are  VX-5. 

f*  Maximum  depression  angle  exceeded ;  aircraft  must  have  rolled  to  make  identification. 
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(a)  From  1,000  feet  altitude.  i 
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(b)  From  2,500  tcct  altitude. 

FIG.  1.  Distributions  of  Scores  for  Flights  Against  a  Sherman  Tank. 
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(c)  From  4,000  feet  altitude. 

| 

FIG.  I  (Contd.) 


(a)  From  1,000  feet  altitude. 

FIG.  2.  Distribution  of  Scores  for  Flights  Against  a  Radar  Van. 
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(e)  Radar  van  from  4,000  feet  altitude. 


SLANT  RANGE  TO  TARGET,  FT 
(0  Sherman  tank  from  4,000  feet  altitude. 


FIG.  3  (Contd.) 
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RANGE  TO  TARGET,  THOUSANDS  OF  FT 

—  PREDICTED  DETECTION  RANGES 

—  —  PREDICTED  RECOGNITION  RANGES 

—  D  FIELD  TEST  RESULTS:  DETECTION  RANGE 

■  —  R  FIELD  TEST  RESULTS:  RECOGNITION  RANGE 
M  MEDIUM  FIELD  FACTOR 
S  SMALL  FIELD  FACTOR 


RADAR  VAN 


RANGE  TO  TARGET.  THOUSANDS  OF  FT 
FIG.  4.  Comparison  of  Predicted  Performance  and  Actual  Performance. 


DISCUSSION 

The  mathematical  modeling  part  of  this  report  does  not  represent 
current  Scripps  Visibility  Laboratory  procedures.  The  modeling  pro¬ 
cedures  and  results  are  presented  as  a  historical  record  of  part  of  the 
evolution  of  modeling  the  visual  process.  At  the  completion  of  these 
tests  and  analysis  in  1962,  the  following  conclusions  were  made: 

1.  The  choice  of  one  "field  factor"  could  not  be  made.  If  both 
the  small  and  medium  factors  were  used  as  upper  and  lower  bounds,  the 
added  uncertainty  in  the  prediction  was  about  3,000  feet. 

2.  Very  little  visual  search  was  required.  The  model  did  not 
include  provisions  for  search  in  two  dimensions. 

3.  Predictions  of  recognition  distances  were  at  a  much  earlier 
stage  of  development  than  detection  predictions,  as  indicated  by  the 
data. 
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The  results  of  the  flight  test  program  indicated  a  need  for  further 
refinement  and  validation  of  the  mathematical  model  if  it  was  to  be 
used  for  air-to-ground  applications.  The  largest  errors  in  prediction 
were  expected  to  occur  in  situations  that  included  searching  in  two 
dimenrions  in  structured  or  cluttered  terrain. 

The  1962  modeling  process  was  most  valuable  in  predicting  simple 
detection  when  little  or  no  search  is  required.  Such  conditions  would 
prevail  during  well-planned  and  well-briefed  missions  in  familiar 
terra i n . 
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1.0  SUMMARY 


During  the  summer  of  1962  a  field  experiment  was  conducted  at  the 
U.  S.  Naval  Ordnance  Test  Station,  China  Lake,  California.  This  field 
test  consisted  of  a  coordinated  program  of  visual  sightings  and  measure¬ 
ments  of  the  environmental  and  target  properties  appropriate  to  the 
observations.  The  specific  task  undertaken  by  the  Visibility  Laboratory 
was  to  aid  in  the  design  of  the  experiment  to  obtain  the  observations,  to 
conduct  the  program  of  measurement  of  the  environmental  and  target 
properties,  and  to  use  these  data  to  predict  the  sighting  ranges. 

This  report  will  contain  a  description  of  the  design  of  the  visual 
experiment,  the  details  of  the  program  of  geophysical  measurement,  and 
the  predicted  sighting  ranges.  The  observed  sighting  and  recognition 
ranges  will  be  published  in  a  separate  report  by  the  Naval  Ordnance  Test 
Station. ^ 

The  site  of  the  visual  experiment  was  a  long,  flat,  bulldozed 
strip  oriented  north-south  on  "Charlie "  Range  at  China  Lake.  The  observers 
were  experienced  naval  pilots.  The  two  targets  were  a  Sherman  tank  and  a 
radar  van.  The  pilots  were  instructed  to  fly  north  at  a  speed  of  approxi¬ 
mately  270  knots  at  a  set  altitude  and  search  for  a  vehicle  parked  on 
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the  strip.  Upon  detection  they  were  to  determine  whether  the  vehicle 
was  the  tank  or  the  radar  van.  The  accurate  position  of  the  aircraft 
at  the  point  of  detection  and,  again,  of  recognition  was  determined 
using  the  tracking  facilities  available  at  "Charlie"  Range.  A  total  of 
101  sightings  were  made  over  a  period  of  three  weeks.  The  location  in 
the  desert  made  it  possible  to  obtain  clear,  relatively  homogeneous 
weather  conditions  for  the  period  of  the  field  experiment.  To  further 
restrict  the  variability  of  the  environmental  conditions  for  observa¬ 
tions  at  a  given  altitude,  the  early  morning  flights  were  all  flown  at 
1000  feet  above  ground  level,  the  mid-morning  flights  were  at  4000  feet, 
and  the  mid-day  flights  were  at  2500  feet. 

A  temporary  ground  station  was  established  by  the  Visibility 
Laboratory  during  the  three  weeks  of  the  field  experiment  near  the 
northern  end  of  the  bulldozed  strip.  During  each  observation  flight, 
photographs  were  taken  at  this  ground  station  of  an  accurate  model  of 
the  target  on  the  dirt,  thus  documenting  photographically  an  inherent 
contrast  map  of  the  target  and  background.  Concurrently  with  the  above, 
photometric  measurements  were  made  of  the  inherent  luminance  of  the 
sunlit  and  shadowed  dirt  as  a  function  of  observation  angle.  Also,  an 
illuminometer  and  shadow  intensity  neter  was  operated  to  provide  a 
measure  of  the  similarity  between  days  and  between  the  various  times  of 
a  given  day. 
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Contrast  transmission  of  the  appropriate  downward  paths  of  sight  was 
obtained  with  the  aid  of  a  photographic  plane  and  camera  supplied  by  the 
Naval  Ordnance  Test  Station.  The  two  test  objects  utilized  as  photo¬ 
graphic  targets  for  this  part  of  the  program  were  the  forementioned  bull¬ 
dozed  strip  and  a  rectangular  area  which  was  covered  with  road  oil 
expressly  for  this  field  experiment.  The  Visibility  Laboratory  ground 
station  was  located  at  the  northeastern  corner  of  the  oiled  area. 

During  the  photographic  flights  photometric  measurements  were  made  at 
the  ground  station  of  the  inherent  contrast  of  the  oil  against  the  dirt. 
The  aerial  photographs  supplied  the  measure  of  apparent  contrast,  and 
the  ratio  of  these  two  values  yielded  the  contrast  transmittance. 

The  contrast  transmittance  of  the  windscreen  of  the  observation 
planes  was  obtained  by  photographing  a  self-luminous  grey  scale  both 
through  the  windscreen  and  outside  the  plane  while  the  aircraft  was 
parked  on  the  runway. 

The  sighting  ranges  were  predicted  utilizing  the  above  measure¬ 
ments  of  target  and  environmental  properties.  The  predictions  of  the 
visual  response  of  the  observer  to  the  inherent  target  complex  were 
obtained  utilizing  the  theory,  data,  and  computer  program  developed 
under  the  Visual  Target  Classifier  Program  of  the  Visibility  Laboratory; 
this  long-term  program  has  been  supported  by  the  Air  Force  under  Bureau 
of  Ships  Contracts  MDbs-72092  and  NObs-84075.  A  full  description  of 
this  part  of  the  visibility  prediction  technique  will  be  contained  in 
a  report  soon  to  be  prepared  for  the  Air  Force  project.^ 
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Basically,  the  computer  program  predicted  responses  of  the  obser¬ 
ver  to  the  inherent  target  complex  as  determined  from  the  photographs 
of  the  models  taken  during  the  field  experiment.  These  predictions 
were  first  modified  by  the  combined  contrast  transmittance  of  the 
atmosphere  and  the  aircraft  windscreen.  The  result  was  a  quantita¬ 
tive  description  of  the  detection  lobe  for  all  forward  paths  of  sight, 
that  is,  the  region  within  which  a  target  would  be  detected  for  a 
series  of  paths  of  sight.  These  lobes  were  appropriate  to  fixations  of 
l/3  second  in  duration.  The  detection  lobes  were  used  as  the  basic  tool 
for  developing  a  prediction  of  a  sighting  under  conditions  requiring 
search.  By  assuming  a  systematic  search  pattern  restricted  to  the 
areas  in  which  the  target  was  expected  to  appear,  predictions  of  the 
average  sighting  range  were  made. 

There  were  two  equally  probable  interpretations  of  the  relation¬ 
ship  between  visual  thresholds  obtained  under  rigorous,  restricted, 
laboratory  conditions  and  visual  response  during  the  search  situation  in 
the  field  experiment.  One  yielded  a  conservative  estimate  of  sighting 
range,  the  other  a  range  that  might  be  interpreted  as  the  best  possible 
estimate.  Both  estimates  are  given  in  the  following  report.  It  was 
predicted  that  the  radar  van  would  be  sighted  at  longer  ranges  than  the 
tank  at  all  three  altitudes.  Also,  sighting  range  was  predicted  to 
increase  with  altitude,  for  the  flight  altitudes  of  1000  feet  to 


4000  feet. 
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2.0  FIELD  EXPERIMENT 

2.1  Introduction 

The  field  experiment  was  designed  to  obtain  as  many  sightings  as 
possible  for  a  few  restricted  conditions.  To  simplify  both  the 
observation  task  and  the  prediction  calculation,  the  search  was 
restricted  to  a  simple  condition,  searching  for  a  target  on  a  long 
dirt  roadway.  To  simplify  the  task  of  obtaining  the  appropriate  con¬ 
trast  transmittance  data,  the  search  was  further  restricted  to  looking 
forward  over  the  nose  of  the  aircraft. 

It  was  desired  by  the  Naval  Ordnance  Test  Station  to  obtain  data 
at  more  than  one  altitude  and  to  obtain  recognition  distances  as  well 
as  sightings.  Thus  there  were  six  conditions  for  sightings:  two 
targets,  each  at  three  observer  altitudes.  The  recognition  problem  was 
defined  as  determination  of  whether  the  target  was  a  tank  or  a  radar  van. 

During  the  first  week  of  the  field  experiment,  16  to  20  July  1963, 
the  altitudes  at  which  the  observers  flew  were  1000  ,  4000,  and  8000  feet 
during  early  morning,  mid-morning,  and  mid-day  respectively.  It  was 
found  at  that  time  that  the  8000-foot  observer  could  not  be  tracked 
adequately,  nor  were  the  observers  detecting  or  recognizing  the  targets 
before  the  cockpit  restricted  their  field  of  view  forward.  Thus  for  the 
final  two  weeks,  30  July  through  10  August  1963,  the  observations  during 
mid-day  were  made  at  an  altitude  of  2500  feet  instead  of  8000  feet.  The 
bulk  of  the  observations  were  made  during  these  final  two  weeks. 
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2.2  Range 

The  physical  layout  of  "Charlie"  Range  and  its  tracking  and  com¬ 
munication  facilities  were  ideal  for  the  field  experiment.  The  long 
bulldozed  strip,  a  portion  of  which  is  depicted  in  Fig.  1,  was 
80  000  feet  in  length.  Target  center,  or  the  0  North  position,  was 
halfway  up  the  strip.  The  southern  portion,  40  000  feet  in  all,  was 
used  to  vector  the  pilots  to  the  area  used  for  the  observations.  The 
targets  were  placed  anywhere  from  target  center  to  about  26  000  North. 
As  can  be  seen  from  the  contour  intervals  on  the  map  in  Fig.  1,  most 
of  the  area  used  was  flat  with  a  gradual  rise  toward  the  northern 
end. 


The  dirt  strip  was  freshly  bulldozed  prior  to  the  field  experiment 
to  remove  the  encroaching  sage,  and  widened  to  provide  a  larger  photo¬ 
graphic  target  for  the  contrast  transmission  measurements.  The  surround¬ 
ing  sage  and  the  large  bulldozed  rectangle,  1000  feet  wide  and  3000  feet 
long,  at  10  000  North  were  used  as  the  secondary  target  and  background 
for  the  contrast  transmission  measurements  at  the  longer  ranges  where 
the  oiled  section  became  too  small  in  angular  subtense  to  be  used  as 
a  photographic  target.  The  dirt  strip  and  large  bulldozed  rectangle  are 
clearly  seen  in  the  aerial  photographs  in  Fig.  2.  These  photographs  were 
taken  at  the  three  observation  altitudes  and  were  used  for  the  contrast 
transmission  measurements  which  will  be  described  in  a  later  section. 

The  photograph  taken  at  4000  feet  also  clearly  shows  the  circular 
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bombing  target  at  the  0  North  position.  The  interruption  in  the  bull¬ 
dozed  strip  by  a  blacker  intrusion  occurs  about  26  000  North.  No 
targets  were  placed  beyond  this  point. 

The  tracking  facilities  at  "Charlie"  Range  were  used  to  obtain  the 
altitude  and  horizontal  position  along  the  dirt  strip  of  the  observing 
plane  during  an  observation  run.  The  range  control  tower  was  in 
constant  communication  with  the  pilots.  Tower  personnel  briefed  the 
pilots  on  the  purpose  of  the  ran,  alerted  by  radio  the  Visibility 
Laboratory  personnel  at  the  ground  station,  and  tracked  the  flight  down 
the  bulldozed  strip.  Range  personnel  also  either  repositioned  the 
target  or  changed  to  a  new  target  at  the  end  of  each  day  of  the  field 
experiment.  In  addition  to  the  above,  wind  velocity  data  for  the 
three  weeks  of  the  experiment  were  supplied  to  tho  Visibility  Laboratory 
for  use  in  converting  indicated  air  speed  of  the  observation  planes  to 
ground  speed. 
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2.3  Targets 

The  two  targets  were  the  M4A3  Tank  (76  mm  Sherman  Tank)  and  the 
SCR-584  Radar  Van.  Both  were  freshly  painted  prior  to  the  field 
experiment  with  Army  olive  drab  paint.  Moving  them  into  position  on 
the  dirt  strip  provided  them  with  a  light  covering  of  dust.  The 
tank  was  always  placed  facing  south,  whereas  the  radar  van  was  faced 
north  as  shown  in  Fig.  3.  The  tank  picture  was  taken  on  the  first  day 
of  the  observations.  The  dust  had  not  reached  up  to  the  gun  turret 
which  is  still  shiny  with  the  new  paint.  This  was  remedied  the  next 
day  so  that  the  whole  target  was  evenly  covered  with  dust. 

Information  on  the  inherent  target  contrast  was  obtained  by  the 
Visibility  Laboratory  through  the  use  of  models  of  these  two  targets. 
These  models  were  freshly  painted  with  a  sample  of  the  same  paint,  and 
dusted  on  site  in  a  comparable  fashion.  A  comparison  between  the  real 
targets  and  the  models  can  be  made  by  means  of  the  photographs  in  Fig.  3. 

The  appearance  of  the  targets  at  the  paths  of  sight  appropriate 
to  the  forward  view  from  an  airplane  is  illustrated  in  the  central 
column  of  pictures  in  Figs.  4  and  5.  These  photographs  were  taken  of 
the  target  models  during  an  actual  4000-foot  observation  run,  by 
the  Visibility  Laboratory  personnel  at  the  ground  station.  They 
represent  the  average  time  of  day  for  the  4000-foot  flights. 
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The  full  range  of  target  appearance  for  the  4000-foot  flight  would  be 
with  shadows  both  longer  and  shorter  than  th  se  depicted  in  the  central 
column.  The  photographs  on  either  side  of  the  picture  taken  at  a  9° 
depression  angle  are  typical  of  the  1000  and  2500-foot  flights,  and  are 
a  sample  of  the  photographic  documentation  of  the  target  properties 
made  by  the  Visibility  Laboratory. 


2.4  Ground  station 

The  ground  station  for  measuring  target  and  environmental  proper¬ 
ties  during  the  field  experiment  was  established  at  20  000  N.  Figure  6 
is  an  aerial  photograph  of  the  ground  station  taken  by  the  photographic 
plane  at  100-foot  altitude.  The  dark  area  is  the  oiled  strip,  originally 
intended  to  be  45  feet  by  45  feet  but  made  a  good  deal  wider  by  the 
road  crew.  The  billboard  in  front  of  the  oiled  strip  is  the  20  000-foot 
marker.  The  tank  used  as  target  for  that  day  is  on  the  bulldozed  strip 
north  of  the  station.  The  white  building  near  the  northeastern  corner 
of  the  oiled  area  is  a  portable  building  supplied  by  the  Naval  Ordnance 
Test  Station  for  housing  the  equipment  for  the  station.  A  motor  generator 
for  supplying  electricity  was  also  provided.  It  was  located  just  east 
of  the  area  covered  by  the  photograph.  Some  of  the  equipment  used  for 
the  measurements  is  barely  visible  at  the  edge  of  the  oiled  area  near 


the  white  building. 
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EARLY  MORNING 
(Time  of  IOOO 
ft.  flights) 


MID-MORNING 
(Time  of  4000 
ft.  flights) 


MID-  DAY 
(Time  of  2500 
ft.  flights) 


FIGURE  4  -  TANK  MODEL 


MID-DAY  MID  -  MORNING 

(Time  of  2500  (Time  of  4000 

ft.  flights)  ft.  flights) 


EARLY  MORNING 
(Time  of  1000 
ft.  flights) 


FIGURE  5  -  RADAR  VAN  MODEL 


FIGURE  6  -  GROUND  STATION 
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Figure  7  is  a  closeup  of  the  goniocamera  and  goniophotometer.  The 
goniocamera  was  used  to  take  pictures  of  the  model  of  the  target  at 
various  paths  of  sight  during  each  observation  run.  This  documented  the 
inherent  contrast,  size,  and  shape  characteristics  of  the  target  and 
its  shadow  against  the  dirt.  Each  filmstrip  included  three  frames  of 
calibrated  grey  scale,  photographed  at  three  different  exposures.  Thus 
the  characteristic  curve  of  the  film  could  be  fully  defined  and  the 
film  handled  sensitometrically.  Figures  4  and  5  contain  pictures  taken 
with  the  goniocamera. 

The  goniophotometer  had  two  functions,  one  related  to  the  observa¬ 
tion  runs,  the  other  to  the  photographic  flights.  In  the  first  case, 
the  goniophotometer  was  used  to  document  the  inherent  luminance  of  the 
dirt,  both  sunlit  and  shadowed,  as  a  function  of  path  of  sight.  The 
inherent  luminance  of  the  sunlit  dirt  was  needed  in  order  to  compute 
the  apparent  background  luminance  to  which  the  observer  was  adapted 
during  the  observation  run.  The  shadowed  dirt  luminance  was  to  be  used 
to  correct  the  photographic  data  from  the  goniocamera  if  the  target 
shadow  densities  did  not  fall  on  a  usable  portion  of  the  characteristic 
curve  of  the  film.  This  latter  correction  proved  unnecessary  but  the 
data  were  obtained  as  a  precautionary  measure. 


FIGURE  7  -  GONIOCAMERA  (FOREGROUND)  AND 
GONIOPHOTOMETER  (BACKGROUND) 
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The  goniophotometer  was  also  used  to  measure  the  inherent  luminance 
of  the  bulldozed  dirt  and  the  oiled  strip  as  a  function  of  angle  during 
tne  photographic  plane  flights.  This  necessitated  moving  the  gonio¬ 
photometer  frame  back  and  forth  between  the  oiled  area  and  the  dirt  during 
these  flights.  These  data  provided  the  inherent  contrast  for  a  computa¬ 
tion  of  contrast  transmittance.  The  apparent  contrast  was  obtained 
from  photographic  measurements  of  the  oiled  strip  and  background  at 
altitude. 

The  illuminometer  and  shadow  intensity  meter  was  mounted  on  the 
roof  of  the  white  building.  Figure  8  is  a  photograph  of  this  instru¬ 
ment  taken  from  on  top  the  building.  This  instrument  was  primarily  a 
monitoring  device  to  provide  a  measure  of  the  similarity  in  lighting 
conditions  from  one  observation  to  another  over  the  three-week  period. 

2.5  Photographic  Plane 

The  aerial  photographic  coverage  was  for  the  purpose  of  measuring 
the  contrast  transmission  of  the  atmosphere.  The  photographic  plane 
carried  beneath  it  a  camera  pod.  This  pod  contained  two  cameras:  one 
faced  forward  to  cover  paths  of  sight  2°  to  22.5°  in  depression  angle, 
the  other  faced  vertically  downward  and  was  not  used  after  the  first 
week  of  the  field  experiment.  Figure  9  is  a  photograph  of  the  camera 
pod  mounted  beneath  the  plane.  The  forward  camera,  a  P2tf  Strike 
camera,  can  be  seen  through  the  front  glass  window. 


FIGURE  8  -  ILLUMINOMETER  AND  SHADOW  INTENSITY  METER 


FIGURE  9-  CAMERA  POD 
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Two  photographic  planes  were  used,  an  A4D  and  an  AD-5.  The  pod 
could  be  mounted  beneath  either  plane.  The  slower  AD-5  was  used 
whenever  the  A4D  was  not  available  for  the  flights.  Figure  10  contains 
two  photographs  taken  from  the  bulldozed  strip  near  the  Ground  Station. 
They  show  the  two  photographic  planes  with  the  camera  mounted  beneath 
as  they  flew  past  at  an  altitude  of  100  feet. 

The  photographic  plane  flew  north  over  the  bulldozed  strip  on  the 
same  flight  pattern  as  the  observation  planes.  The  basic  plan  was  to 
photograph  the  oiled  section,  and  the  large  bulldozed  rectangle,  at  a 
series  of  depression  angles  of  path  of  sight  at  altitudes  of  100,  1000, 
2500,  and  4000  feet.  These  flights  were  to  be  made  four  times  during 
the  day:  l)  before  the  first  observation  flight,  2)  between  the  1000 
and  4000-foot  flights,  3)  between  the  4000  and  2500-foot  flights,  and 
4)  after  the  2500-foot  flights  were  finished.  Unfortunately  this  com¬ 
plete  coverage  was  not  possible,  partially  because  the  photographic 
flights  constituted  a  sizeable  interruption  to  the  regular  schedule  for 
the  range.  Perfect  coverage  would  have  been  attained  with  46  flights; 
20  were  flown  at  appropriate  times;  and  the  films  from  9  flights  were 
usable  for  obtaining  contrast  transmittance.  Thus  the  data  on  contrast 
transmission  (presented  in  detail  in  Section  4.2.5)  represent  a  sample 
appropriate  to  a  portion  of  the  observation  runs.  A  bracketing  of  the 
conditions  before  and  after  a  series  of  observations  was  not  obtained, 
nor  was  a  true  average  obtained  of  all  conditions  appropriate  to  a 
given  target  sighted  from  a  given  altitude. 
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2.6  Observation  Plane 

The  observers  all  flew  in  one  type  of  aircraft  which  had  a  forward 
field  of  view  22.5°  below  the  horizontal,  if  the  aircraft  attitude  was  0°. 
The  best  information  on  attitude  that  could  be  obtained  indicated  a 
range  of  attitudes  from  +2°  to  +7°  with  a  difference  in  attitude  depend¬ 
ing  upon  the  altitude  flown. 

Figure  11  contains  a  photograph  of  the  forward  field  of  view  of  the 
observation  aircraft.  Unfortunately  the  support  posts  of  the  small 
instrument  reflector  in  the  center  are  at  exactly  interpupillary  distance 
so  that  the  pilot  is  forced  to  view  through  the  reflector  with  one  eye 
and  to  the  side  of  the  reflector  with  the  other  when  he  is  searching 
forward.  Conversation  with  the  pilots  indicated  that  they  do  not  lean 
to  one  side  bat  instead  essentially  ignore  the  presence  of  the  reflec¬ 
tor  in  looking  forward. 

The  contrast  transmission  of  both  the  view  through  the  reflector 
and  windscreen,  and  through  the  windscreen  alone  were  measured  photo¬ 
graphically.  A  grey  scale  was  photographed,  l)  outside  the  plane, 

2)  through  the  windscreen,  and  3)  through  the  windscreen  and  reflector. 

The  contrast  transmission  for  six  of  the  observation  aircraft  was 
measured  with  a  reflection  grey  scale  during  the  field  test.  Later 
a  self-luminous  grey  scale  was  used  and  a  more  precise  measure 
obtained.  Figure  12  contains  a  picture  of  the  self-luminous  grey 
scale.  Detailed  results  of  these  measurements  are  presented  in 
Section  4.2.6. 


FIGURE  12-  SELF-LUMINOUS  GREY  SCALE 
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2.7  Observers 

The  observers  were  obtained  from  a  squadron  stationed  at  NOTS 
(VX-5)  and  also  from  visiting  squadrons  using  the  range  for  target 
practice.  A  pilot  from  VX-5  was  assigned  as  project  coordinator  and 
he  briefed  all  observers  telling  them  the  purpose  of  the  flights. 

They  were  instructed  to  use  the  visors  on  their  helmets  for  goggles. 
(The  spectral  transmission  of  one  of  the  visors  was  measured  at  the 
Visibility  Laboratory,  see  Section  4*2.7)  The  pilots  were  instructed 
to  fly  north  along  the  bulldozed  strip,  to  look  for  a  tank  or  a  radar 
van  parked  north  of  target  center  on  the  dirt  strip,  to  give  a  signal 
to  the  range  tower  upon  detection  and  another  upon  recognition.  They 
were  told  to  maintain  a  constant  altitude  and  constant  air  speed 
during  the  flight. 

Thirty-four  observers  participated  in  the  field  experiment. 


averaging  three  observations  per  pilot.  Generally  speaking,  the 
results  represent  many  observers  participating  in  a  non-re petitive 
experiment. 


-28- 


310  Ref.  63-23 


3.0  RESULTS 

3.1  Introduction 

The  following  target  and  environmental  property  measurements  were 
pertinent  to  the  prediction  of  sighting  ranges.  The  data  from  the 
illuminometer  and  shadow  intensity  meter  indicated  reasonable  con¬ 
sistency  in  the  atmospheric  conditions  over  the  period  of  the  three- 
week  field  experiment.  Thus  similar  consistency  would  be  expected  in 
the  rest  of  the  target  and  environmental  property  measurements.  Hence 
the  approach  was  to  make  the  predictions  using  the  average  and/or  median 
data  for  each  target-altitude  case.  The  inherent  contrast  was  obtained 
from  a  single  set  of  pictures  for  each  case,  these  sets  representing  the 
median  time  for  observations  at  each  altitude.  The  contrast  trans¬ 
mittance  of  the  atmosphere  for  each  altitude  was  an  average  of  all  data 
available  appropriate  to  that  altitude.  (No  attempt  was  made  to 
separate  these  data  with  respect  to  which  target  had  been  used  on  the 
days  of  measurements  since  so  little  data  had  been  available  overall.) 

The  contrast  transmittance  of  the  windscreen  of  the  observation  plane  was 
very  little  different  from  the  contrast  transmittance  through  the 
reflector  and  the  windscreen;  also,  no  significant  difference  between 
the  data  for  different  times  of  the  day  could  be  discerned;  therefore 
an  average  value  of  contrast  transmittance  was  used.  The  range  of 
apparent  background  luminances  was  indicated  by  the  range  of  the 
inherent  background  luminance  data  from  the  goniophotometer  measure¬ 
ments.  An  indication  of  the  level  of  the  apparent  background 
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luminance  was  obtained  by  assuming  it  would  be  slightly  greater  than 
the  inherent  background  luminance  times  the  pho topic  transmittance  of 
the  visors  used  by  the  pilots. 

The  visual  threshold  measurements,  judged  to  be  pertinent  to  the 
problem,  were  for  1/3  second  glimpse  times  with  a  background  luminance, 
to  which  the  observer  is  fully  adapted,  of  75  foot-lamberts.  This 
included  data  for  both  the  fovea  and  the  periphery.-^  The  1/3  second 
glimpse  times  are  appropriate  to  a  free  search  situation^  such  as  the 
search  conditions  prevailing  during  the  field  experiment.  The  contrast 
thresholds  measured  at  a  background  level  of  75  foot-lamberts  are 
appropriate  to  the  wide  range  of  apparent  background  luminances  indi¬ 
cated  by  the  measurements  noted  above.  At  this  level  of  background 
luminance,  contrast  threshold  is  nearly  invariant  with  background 
luminance.  It  is  only  at  much  higher  levels  that  glare  reduces  the 
contrast  sensitivity  of  the  eye.  The  goggles  used  by  the  pilots  acted 
to  eliminate  this  potential  glare  problem.  The  visual  data  for  both 
the  fovea  and  periphery  were  necessary  in  order  to  be  able  to  define  the 
detection  lobes  appropriate  to  the  search  problem. 

In  defining  the  detection  lobes,  the  "hardshell"  concept  was  used. 
This  means  that  a  sharply  bounded  region  was  defined  within  which  the 
target  would  always  be  detected.  The  shape  of  the  lobes  depended 
upon  the  target  and  upon  the  altitude  of  the  observer.  In  defining 
the  probabilities  of  detection  using  these  lobes,  it  was  assumed  that 
the  observer  would  be  systematic  in  the  sense  that  he  would  limit  his 
search  to  the  area  in  which  the  target  was  expected  to  be  placed,  and 
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would  not  look  in  areas  in  which  the  target  would  be  too  distant  to 
be  detectable.  The  details  of  the  method  used  in  determining  the 
predicted  sighting  ranges  are  given  in  Section  4.3. 

3.2  Sighting  Range  Predictions 

The  sighting  range  can  be  defined  as  the  limiting  distance  at 
which  the  trained  military  observer  will  be  aware  of  seeing  the  target 
under  the  search  conditions  imposed  by  this  field  experiment.  The  one 
level  of  uncertainty  relating  to  this  sighting  range  is  the  "field 
factor"  to  be  applied  in  translating  laboratory  visual  threshold  data 
to  the  field  situation.  These  thresholds  are  obtained  under  laboratory 
conditions  of  full  warning,  knowledge  about  the  target  shape,  size,  and 
duration,  and  knowledge  of  location  of  the  target. 

The  smallest  field  factor  normally  used  for  predictions  in  military 
problems  is  2.4,  representing  a  level  of  confidence  with  full  awareness 
of  target  presence.  When  there  is  no  warning  as  to  the  exact  moment  the 
target  will  appear  and  its  exact  size,  etc.,  is  not  known  by  the  observer 
a  factor  of  3.6  is  needed  to  represent  the  same  level  of  full  awareness 
of  target  presence.  When  in  addition  the  exact  location  of  the  target 
in  the  visual  field  is  not  known,  it  has  Deen  suggested  that  a  factor  of 
4.8  be  used  to  obtain  this  same  level  of  awareness. 

It  was  felt  that  either  the  small  (2.4 )  or  medium  (3.6)  field 
factor  would  be  most  appropriate  for  predicting  the  responses  under  the 
circumstances  of  the  field  experiment.  Therefore  predictions  using 
both  assumptions  were  made  and  are  presented  in  Fig.  13  and  Table  I. 
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Table  I  PREDICTED  SIGHTING  DISTANCES  FOR  SYSTEMATIC  SEARCH 


Target  Observer 

Altitude  (ft.) 
(Above  Ground 
Level) 


Tank 

1000 

13  600 

16  800 

14  000 

17  100 

2500 

16  900 

20  800 

17  100 

21  000 

4000 

19  200 

22  400 

19  500 

22  800 

Radar  Van 

1000 

18  600 

22  100 

18  800 

22  300 

2500 

21  900 

26  500 

21  800 

26  800 

4000 

24  800 

30  500 

25  000 

30  700 

Average  Distance  (ft.) 

Field  Factor 
Medium  Small 

16) _ (2.4) 


Median  Distance  (ft.) 
Field  Factor 
Medium  Small 

.6)  (2. 


The  average  sighting  distance  is  the  prediction  of  the  average  of 
a  number  of  sightings  by  one  or  more  observers.  The  median  sighting 
distance  is  that  distance  at  which  half  of  the  observers  will  have 
sighted  the  target. 

A  fuller  understanding  of  the  meaning  of  the  average  and  the 
median  values  may  be  attained  by  a  glance  at  Fig.  14.  The  bar  graph  is 
the  normal  distribution  curve  and  represents  the  percentage  of  the 
observers  expected  to  sight  the  target  at  each  observer-to-target 
distance.  The  average  is  the  weighted  sum  of  the  distances,  the 
weighting  being  represented  by  the  bar  graph.  The  solid  curve  is  the 
cumulative  probability  that  the  target  will  be  sighted.  The  median 
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PERCENTAGE  OF  OBSERVERS  (BAR  GRAPH) 


-34- 


SIO  Ref.  63-23 


distance  is  the  distance  corresponding  to  the  50  percent  cumulative 
probability.  The  normal  curve  is  skewed.  The  drawn  out  tail  of  the 
distribution  toward  the  shorter  distances  accounts  for  the  average 
always  being  less  than  the  median  distance. 

The  effect  of  using  various  assumptions  concerning  the  search 
situation  was  explored  for  one  target  and  one  altitude:  the  radar 
van  as  seen  from  the  4000-foot  observer  altitude.  The  results  are 
given  in  Table  II.  The  choice  of  the  appropriate  field  factor  shows 
up  as  the  most  critical  assumption  tested.  Assuming  a  perfectly  ran¬ 
domized  positioning  of  the  targets  on  the  range  was  very  little 
different  from  weighting  the  results  for  each  target  position  by  the 
number  of  observations  made  for  that  target  position.  A  random  search, 
limited  only  to  searching  between  0  North  and  26  000  North,  was  very 
little  different  from  the  systematic  search  assumed  for  the  predictions. 
For  more  details  concerning  the  method  of  computing  the  detection  pre¬ 
dictions  refer  to  Section  4.3. 

Table  II  EXAMPLE  OF  EFFECT  OF  VARIOUS  ASSUMPTIONS  ON  SIGHTING  RANGE 


TARGET: 

RADAR  VAN 

OBSERVER  ALTITUDE: 

4000  FEET 

Type  of 

Target 

Field  Factor 

Sighting  Distance  (Feet) 

Search 

Position 

Average 

Median 

Systematic 

Weighted 

Small 

(2.4) 

30  500 

30  700 

Systematic 

Weighted 

Medium 

(3.6) 

24  800 

25  000 

Systematic 

Weighted 

Large 

(4.8) 

21  400 

21  700 

Systematic 

Random 

Medium 

(3.6) 

24  700 

25  000 

Random 

Weighted 

Medium 

(3.6) 

24  000 

24  300 
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The  effect  of  individual  variability  has  not  been  adequately 
covered  by  the  foregoing  discussion.  The  probability  integrals  shown 
in  Fig.  14  are  of  themselves  an  average.  The  visual  threshold  used 
represents  an  average  observer  based  upon  careful  psychophysical 
measurements  of  four  observers.  The  spread  in  the  data  for  the  four 
observers  varied  between  a  factor  of  2  to  1  and  4  to  1.  It  has  been 
estimated  that  the  spread  in  the  visual  capability  within  the  total 
population  of  "perfect"  young  eyes  can  be  represented  by  a  factor  of  2 
in  contrast  threshold  in  either  direction.  This  means  that  the  spread 
of  the  data  for  a  large  number  of  observers  should  be  many  times 
greater  than  that  shown  in  Fig.  14.  It  also  means  that  a  measure  of 
the  relationship  of  the  visual  capabilities  of  the  four  observers  to 
the  population  of  "perfect"  young  eyes  would  be  desirable,  as  would  a 
measure  of  the  relationship  of  the  pilot  observers  to  the  general 
population  of  military  pilots. 

3.3  Recognition  Predictions 

The  main  task  of  this  project  was  to  predict  detections.  The 
theory,  data,  and  methodology  for  making  detection  predictions  is  in 
a  well-developed  stage.  The  knowledge  and  methodology  for  making 
predictions  of  recognition  distances  is  in  a  much  earlier  stage  of 
development.  However,  since  the  Naval  Ordnance  Test  Station  was 
interested  in  recognition  observations,  an  attempt  was  made  to  make 
a  recognition  prediction. 
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For  this  attempt,  it  was  decided  to  establish  an  upper  limit,  i.e., 
to  predict  the  longest  distance  at  which  recognition  could  occur.  The 
actual  recognition  observations  would  be  expected  to  be  less  than  this 
upper  limit  value.  No  attempt  was  made  to  establish  how  much  less 

/ 

than  the  upper  limit  the  actual  observations  would  be. 

To  make  this  prediction  it  was  assumed  that  a  precise  knowledge  of 
the  luminance  map  of  both  targets  was  known  by  the  observer  at  each 
altitude  of  observation  and  path  of  sight.  Recognition  thus  could  occur 
when  the  difference  between  the  luminance  maps  of  the  two  targets  was 
capable  of  being  detected  by  the  observer.  The  observer  was  assumed 
to  fixate  upon  the  target  after  detection,  and  to  recognize  after  both 
an  adequate  signal  difference  was  available  and  after  enough  time  had 
elapsed  to  maximize  the  visual  threshold  and  to  allow  for  cortical  func¬ 
tion.  For  more  detail  on  the  method  of  prediction  refer  to  Section  4.4. 

The  end  result  of  the  prediction  was  that  the  recognition  distance 
would  be  1200  feet  less  than  the  sighting  distance  for  each  target 


at  each  altitude. 
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3.4  Recommendations 

During  the  course  of  the  field  experiment  and  later  during  the  data 
reduction  and  prediction  calculations  it  became  apparent  that  there  were 
a  number  of  sources  of  uncertainty  that  it  would  be  desirable  to  eliminate 
should  a  similar  field  experiment  be  undertaken  in  the  future.  Following 
are  a  number  of  recommendations  for  eliminating  these  sources  of 
uncertainty. 

3.4.1  Targets.  It  would  be  desirable  to  document  the  actual  position 
of  the  real  target  by  a  photograph  at  the  time  of  each  observation  run. 

A  direct  comparison  between  these  photographs  and  the  model  photographs 
would  provide  a  measure  of  the  accuracy  of  the  target  information  ob¬ 
tained  by  use  of  the  models.  A  real,  though  no  doubt  extreme,  case 
where  a  slight  disorientation  of  either  model  or  target  might  lead  to  an 
erroneous  documentation  of  target  information  is  illustrated  in  the 
photographs  in  Fig.  15.  These  pictures  were  taken  in  the  morning  with 
the  sun  about  90°  in  azimuth;  the  radar  van  model  is  headed  north  as 
in  the  field  experiment.  A  true  north  heading  of  the  radar  van  yields 
a  target  with  a  sunlit  rear  end.  The  radar  van  slightly  angled  toward 
the  east  yields  a  target  with  a  darkly  shadowed  rear  end  making  a  target 
different  than  the  first. 
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The  real  targets  should  be  randomly  changed  in  position  and  the 
two  targets  randomly  interchanged  at  the  time  between  altitudes  of 
observation  on  each  day.  Thus  one  observer  could  make  more  than  one 
observation  per  day  without  biasing  either  the  detection  or  recognition 
observation. 

The  predictions  should  be  made  for  the  extreme  cases  as  well  as 
the  median  cases  (beginning  and  end  of  observation  period  as  well  as 
median  time)  to  obtain  a  measure  of  the  effect  of  these  differences 
in  target  information. 

3.4.2  Contrast  Transmission  of  the  Atmosphere.  Measurements  of  con¬ 
trast  transmission  should  be  made  before  and  after  the  observation 
session  at  each  altitude.  This  means  flights  four  times  a  day  for  a 
comparably  organized  experiment.  In  this  way  the  change  in  contrast 
transmission  over  the  experimental  period  can  be  measured.  This  was 

definitely  not  achieved  in  the  current  experiment. 

» 

Assuming  the  measurements  would  be  made  photographically  a  number 
of  improvements  would  be  highly  desirable.  The  camera  used  should 
have  a  shutter  mechanism  which  will  operate  uniformly  over  the  frame 
and  will  reproduce  exposure  times  to  a  high  degree  of  precision.  The 
exposure  settings  should  be  under  close  control  so  that  all  of  the 
data  will  be  on  the  straight  line  portion  of  the  characteristic  curve  of 
the  film.  In  this  experiment  much  information  was  lost  due  to  under¬ 
exposed  film  and  a  faulty  shutter  mechanism. 
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The  targets  used  for  aerial  photography  should  be  larger  and  more 
uniform  to  increase  the  precision  of  the  determination  of  contrast 
transmittance.  If  in  addition,  a  self-luminous  grey  scale  were  photo¬ 
graphed  at  the  beginning  and  end  of  each  roll  of  film,  it  would  then 
be  possible  to  recover  the  beam  transmittance  and  path  luminance  for 
the  appropriate  paths  of  sight,  as  well  as  the  contrast  transmittance. 


3.4.3  Observation  Plane.  It  would  be  useful  to  obtain  a  more  direct 
measure  of  plane  attitude  during  the  observation  flights. 


3.4.4  Observers.  A  more  complete  and  carefully  controlled  briefing 
and  debriefing  of  the  observers  would  be  desirable.  (A  few  of  the 
observers  who  did  not  report  sightings  thought  the  target  would  be 
out  amidst  the  sage.)  A  record  by  the  observer  of  which  target  was 
recognized  and  where  would  provide  a  double  check  on  the  observations. 
Interviews  with  the  pilots  concerning  the  method  of  search  and  the 
criteria  used  for  making  a  recognition  judgment  would  be  of  value. 


A  photographic  documentation  of  the  eye  movements  of  the  observer 
during  search  would  be  desirable. 

Finally  it  would  be  extremely  valuable  to  be  able  to  have  the 
pilots  make  some  laboratory  visual  threshold  measurements.  These 
data  would  be  useful  in  comparing  the  laboratory  observers  to  the 
observers  used  in  the  experiment  and  would  yield  much  information  on 
individual  differences. 
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4.0  TECHNICAL  DETAILS 

4.1  Introduction 

The  technical  details  concerning  the  field  experiment  are  contained 
in  the  first  portion  of  this  section  paralleling  the  organization  of 
Section  2.  The  calculational  details  of  the  detection  and  recognition 
predictions  are  contained  in  the  remaining  two  subsections,  paralleling 
Section  3. 

4.2  Field  Experiment 

4.2.1  Introduction.  A  description  of  the  equipment  used  for  the 
measurements  of  target  and  environmental  properties  and  the  results  of 
these  measurements  will  be  briefly  given  in  this  section.  In  addition, 
the  relationship  between  these  data  and  the  ensuing  calculation  of 
detection  ranges  will  be  described  as  appropriate. 

4.2.2  Range.  Tracking  accu  -acy  of  the  range  facility  was  estimated  to 
be  +  25  feet. 

Wind  velocity  data  (speed  in  knots  and  direction  from  true  North) 
were  supplied  by  the  Naval  Ordnance  Test  Station.  These  data  were  for 
surface  to  10  000  ft.  AGL  (above  ground  level)  at  1000  ft.  intervals 
for  usually  five  times  during  each  day,  normally  at  0630,  0800,  0930, 

1100  and  1220.  These  data  were  used  to  obtain  the  ground  speed  of  the 
observing  aircraft. 


I 


I 
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Altitude 

(AGL) 

(Feet) 

Targe  t 

Indicated 

Air  Speed 
(Knots) 

Average 
Ground  Speed 
(Knots) 

1000 

Radar  Van 

275 

272 

Tank 

275 

272 

2500 

Radar  Van 

270 

259 

Tank 

270 

262 

4000 

Radar  Van 

260 

260 

Tank 

260 

260 

The  average  ground  speed  was  used  to  determine  the  distance  traveled 
in  one  look  during  search. 

4.2.3  Targets.  The  two  targets  were  the  M4A3  Tank  (76  mm  Sherman  Tank) 
and  the  SCR-584  Radar  Van. 


Dimensions 

(feet) 

Tank 

Radar  Van 

Length 

19.5 

19.5 

Width 

ir\ 

• 

to 

8.0 

Height 

9.0 

10.3 

Both  targets  were  freshly  painted  before  the  field  experiment  and  coated 
with  dust  from  the  bulldozed  strip  for  the  experiment. 


Two  weeks  prior  to  the  field  experiment,  Visibility  Laboratory 
personnel  photographed  the  two  targets  from  various  aspects  and  were 
given  samples  of  the  paint  for  use  on  the  models.  A  standard  Sherman 


T 


I 
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tank  model  was  modified  slightly  (hatch  covers  adjusted,  gun  barrel 
positioned,  etc.)  according  to  the  pictures.  The  model  of  the  radar  van 
was  made  by  the  Visibility  Laboratory  from  the  pictures  taken  above.  Both 
models  were  painted  with  the  sample  of  paint  provided  by  the  Naval  Ordnance 
Test  Station.  At  the  ground  station  on  the  bulldozed  strip  these  models 
were  dust  coated  as  were  the  real  targets. 


A  sample  of  the  dirt  from  the  bulldozed  strip  was  brought  back  to 
the  Visibility  Laboratory  following  the  field  experiment.  The  relative 
spectral  reflectance  of  this  sample  was  measured  on  the  Hardy  Spectro¬ 
photometer,  using  a  spectrally  neutral  test  cell  to  hold  the  dirt  in  a 
vertical  position.  The  flat  side  of  the  radar  van  model,  freshly  dusted 
with  the  same  dirt,  was  also  measured.  Figure  16  is  a  graph  of  the  data. 
Chromaticity  coordinates,  dominant  wavelength  and  excitation  purity  were 
computed  assuming  Source  B  as  illuminating  source. 


Chromaticity  Coordinates  x 


Dirt 


0.370 

0.361 

0.269 


Radar  Van  Mode] 


0.352 


0.350 

0.297 


Dominant  Wavelength  (mu)  586.  496. 

Excitation  Purity  ( °/o )  10.  2.1 

There  is  no  significant  color  difference  between  the  target  and 
background.  Therefore  the  targets  were  treated  as  neutral  in  color  and 
contrast  solely  based  upon  luminance  differences. 


t 

* 


REFLECTANCE 


FIGURE  16*  SPECTRAL  REFLECTANCE  OF  TARGET  AND 

BACKGROUND 
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4.2.4  Ground  Station. 

Photography.  The  camera  on  the  goniocamera  frame  was  a  35  mm 
Nikon  F.  Two  lenses  were  used,  having  focal  lengths  of  50  mm  and 
135  mm.  Prior  to  the  experiment  a  large  supply  of  Plus  X  film  was 
obtained  so  that  all  film  used  would  be  from  the  same  lot.  Lacking 
spectral  sensitivity  on  the  current  Plus  X,  it  was  assumed  similar  to 
the  aerial  Plus  X  and  filtered  in  a  similar  manner  to  obtain  a  photopic 
response  (see  Section  4.2.5).  The  film  was  developed  under  rigidly 
controlled  conditions. 

The  target  films  were  selected  to  represent  the  median  time  for  the 
period  of  observation  at  a  given  altitude.  A  rough  picture  of  the 
range  of  sun  positions  these  median  times  represented  can  be  obtained 
from  a  look  at  Fig.  17.  The  points  represent  all  the  observations.  A 
separate  symbol  is  used  for  each  target  and  each  observation  altitude. 

The  target  films  used  to  make  the  predictions  were  densitometered 
on  a  special  automatic  densitometer  developed  by  the  RADI  Program  of  the 
Visibility  Laboratory  under  Bureau  of  Ships  Contract  NObs-84075 .  ^  The 
output  of  the  densitometer  was  automatically  punched  on  punch  cards.  The 
results  of  densitometry  of  the  targets  and  the  three  grey  scales  per  film 
strip  were  thus  in  a  form  for  use  with  the  Visual  Target  Classifier 
Computer  Program.  (See  Section  4.3  for  more  details  on  the  Computer 
Programs . ) 


AZIMUTH  OF  SUN  (DEGREES) 
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Pho  tome  try.  The  spectral  sensitivity  of  the  RCA  931A  phototubes  in 
the  goniophotometer  and  illumi nometer  was  measured  on  the  Hardy  spectro¬ 
photometer.  Filters  were  then  selected  by  means  of  a  careful  series  of 
calculations  designed  to  determine  the  best  filter  package  for  obtaining 
a  photopic  response.  The  relative  spectral  sensitivity  of  the  photo¬ 
tubes  with  these  filters  is  shown  in  Figs.  18  and  19.  The  dotted  line 
is  the  photopic  sensitivity  curve. 

Both  instruments  were  carefully  calibrated  both  before  and  after  the 
field  trip.  A  relative  calibration  was  made  of  the  full  range  of  instru¬ 
ment  response  on  an  optical  bench.  An  absolute  calibration  was  made  on 
a  bar  photometer  with  a  2854°  K  standard  lamp.  The  change  in  the  calibra¬ 
tion  of  the  goniophotometer  was  less  than  7  percent  over  the  three-week 
period;  that  of  the  illuminometer  was  less  than  2  percent;  in  both  cases 
a  mean  value  was  used  throughout  data  reduction. 

The  illuminometer  was  fitted  with  a  special  diffusing  cap  which 
transmitted  incident  light  flux  according  to  the  cosine  of  the  angle  of 
incidence.  A  metal  strap  in  the  form  of  a  semicircle  rotated 
azimuthally,  alternately  shadowing  the  collector  from  the  sun,  and 
allowing  it  to  be  fully  sunlit.  Thus,  with  a  single  instrument  both 
total  illumination  and  shadow  intensity  could  be  measured.  The  measure¬ 
ments  of  illumination  during  the  sightings  are  graphed  as  a  function 
of  zenith  angle  of  the  sun  in  Fig.  20.  The  curve  labeled  "clear  day" 
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WAVELENGTH  (MILLIMICRONS) 

FIGURE  18-  RELATIVE  SPECTRAL  SENSITIVITY  OF 

GONIO  PHOTOMETER 
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WAVELENGTH  (MILLIMICRONS) 


FIGURE  19-  RELATIVE  SPECTRAL  SENSITIVITY  OF 

ILLUMINOMETER  AND  SHADOW  INTENSITY  METER 


ILLUMINANCE  (LUMENS  PER  SQUARE  FOOT) 
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FIGURE  20-  ILLUMINATION  DURING  SIGHTINGS 
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is  an  average  clear  day  based  upon  a  large  number  of  measurements  made  all 
over  the  world. ^  The  shadow  intensity  for  each  observation  is  graphed  in 
Fig.  21.  The  left-hand  scale  is  the  ratio  of  the  illumination  when  the 
sun  is  occulted  to  the  total  illumination.  The  right-hand  scale  is 
shadow  contrast  which  is  equal  to  the  ratio  on  the  left-hand  scale  minus 
one.  Note  that  for  the  clear  day  conditions  of  the  field  experiment 
shadow  intensity  shows  a  greater  variability  for  a  given  zenith  angle  of 
the  sun  than  does  the  total  illumination. 

The  goniophotometer  had  a  rectangular  field  of  view  2.8°  by  1.9°. 

The  smaller  dimension  was  in  the  direction  of  the  zenith  angle  of  the 
path  of  sight.  Thus  at  a  photometer  position  of  45°,  the  linear  area 
encompassed  was  nearly  square.  A  sample  of  the  goniophotometer  data 
taken  during  the  observations  is  given  in  Fig.  22.  Note  again  that  the 
shadow  information  shows  a  greater  variability  at  a  given  zenith  angle 
of  the  sun  than  does  the  fully  illuminated  dirt. 

4.2.5  Photographic  Plane.  The  camera  pod  was  designed  at  the  Naval 
Ordnance  Test  Station.  A  portion  of  the  blueprint  is  reproduced  in 
Fig.  23.  The  forward  camera  was  used  for  the  contrast  transmittance 
measurements.  It  was  a  P2  Mauer  220  ,  70  mm  camera  with  a  focal  length 
of  150  mm  and  a  nominal  frame  rate  of  5  frames  per  second.  Prior  to 
the  field  experiment  two  cases  of  100-foot  rolls  of  aerial  Plus  X 
film  were  set  aside  for  this  project-  so  that  film  with  the  same  emulsion 
number  might  be  used  throughout  the  experiment. 
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ZENITH  ANGLE  OF  THE  SUN  (DEGREES) 
FIGURE  21  -  SHADOW  INTENSITY  DURING  SIGHTINGS 


SHADOW  CONTRAST 


LUMINANCE  (FOOT  LAMBERTS) 
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FIGURE  22 -  INHERENT  LUMINANCE  OF  BACKGROUND  DURING  SIGHTINGS 
(PATH  OF  SIGHT  I0#  BELOW  THE  HORIZONTAL) 
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FIGURE  23-  DESIGN  OF  CAMERA  POD 
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The  first  week  a  K-2  filter  was  used  on  the  camera.  During  the 
week  between  the  first  two  weeks  of  the  field  test,  it  was  determined 
that  a  Wratten  38  filter  should  be  added  to  the  K-2  to  obtain  a  spectral 
response  closer  to  the  photopic  response.  The  relative  sensitivity  of 
the  Plus  X  aerial  film^  with  the  filters  is  given  in  Fig.  24. 

The  contrast  loss  due  to  the  flat  glass  window  in  the  camera  pod 
was  measured  in  a  similar  manner  to  the  contrast  transmission  measure¬ 
ments  of  the  windscreen  of  the  observation  plane  (see  Section  4.2.6 
for  method).  There  was  essentially  no  difference  between  data  taken 
with  or  without  the  glass  window. 

At  the  beginning  of  each  photographic  flight  a  picture  was  taken 
of  a  calibrated  grey  scale  held  at  50  feet  and  100  feet  from  the  air¬ 
plane  on  the  runway.  The  film  was  developed  under  rigidly  controlled 
conditions  by  the  Visibility  Laboratory.  First  all  the  grey  scales 
were  densitometered  and  only  those  flights  selected  which  had  data  on 
the  straight  line  portion  of  the  characteristic  curve.  The  gamma  for 
each  film  was  determined  by  the  least  squares  method. 
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The  film  densities  of  the  two  photographic  targets  (oil  and  dirt 
or  sage  and  dirt)  for  determining  contrast  were  always  measured  at 
closely  adjacent  points  so  as  to  minimize  the  effect  of  the  uneven 
exposure  across  the  frame  due  to  the  faulty  shutter  mechanism. 

Contrast  transmittance  values  were  obtained  by  dividing  the  contrast  of 
the  oil  against  the  dirt  from  the  photograph  taken  at  altitude  by  the 
contrast  of  oil  against  dirt  measured  at  the  ground  station  with  the 
goniophotometer.  Angles  of  path  of  sight  on  the  films  were  determined 
photogrammetrically  from  the  position  of  the  horizon  on  the  frames. 
Contrast  transmittance  measurements  using  the  contrasts  of  the  sage 
against  the  dirt  were  made  by  dividing  the  contrast  at  altitude  by 
the  contrast  at  100  feet.  These  data  are  presented  in  Fig.  25.  The 
straight  line  fit  to  the  data  takes  advantage  of  the  fact  that,  if 
the  sky-ground  ratio  does  not  change  with  path  of  sight,  the  contrast 
transmittance  (Cr/C0)  can  be  reasonably  approximated  by  the 
following  equation: 


where  TJ  is  the  optical  slant  range  and  LQ  is  an  effective 
attenuation  length  at  ground  level. 


CONTRAST  TRANSMISSION 
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FIGURE  25  -CONTRAST  TRANSMISSION  OF  THE  ATMOSPHERE 
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Since : 


In  Cr/C0  =  -  R 

Eo 

the  slope  of  the  curves  In  Fig.  25  is  negative  and  equal  to  -  l/L0. 

These  slopes  were  found  by  the  least  squares  method  for  the  1000 
and  2500  ft.  altitudes.  The  scatter  in  the  data  at  4000  feet  necessi¬ 
tated  a  different  interpretation  of  these  data.  It  was  assumed  that  the 
atmosphere  from  1000  feet  through  2500  feet  to  4000  feet  contained  no 
optical  discontinuities.  The  slope  drawn  for  the  4000-foot  data 
represents  the  result  of  this  assumption. 

The  degree  of  precision  attained  by  the  above  approximation  can  be 
evaluated  by  assuming  the  contrast  transmittance  at  a  9°  depression  angle 
of  sight  to  be  invariant.  The  contrast  transmittance  at  other  paths  of 
sight  then  depends  upon  the  assumed  sky-ground  ratio  which  is  expected 
to  lie  between  1  to  2  for  desert  backgrounds. 

The  best  fit  lines  on  Fig.  25  represent  a  sky-ground  ratio  of  1,  The 
difference  between  different  assumptions  of  sky-ground  ratio  is  seen  by 
examining  Table  III.  The  difference  was  determined  to  be  insignificant 
at  the  paths  of  sight  most  appropriate  for  each  altitude:  3°  at  1000  feet, 
4°  at  2500  feet,  and  9°  at  4000  feet. 
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Table  III  CONTRAST  TRANSMISSION  OF  THE  ATMOSPHERE  AS  A  FUNCTION  OF 
SKY-GROUND  RATIO  AND  DEPRESSION  ANGLE  0^  PATH  OF  SIGHT 


Observer  Sky-Ground 

Altitude  Ratio 

(Feet) 

Contrast  Transmittance 
Depression  Angle  of  Path  of  Sight 

3°  9°  19° 

1000  1 

0.548 

0.818 

0.908 

1.4 

0.560 

0.818 

0.908 

2 

0.572 

0.818 

0.908 

2500  1 

0.464 

0.774 

0.884 

1.4 

0.471 

0.774 

0.880 

2 

0.496 

0.774 

0.877 

4000  1 

0.397 

0.734 

0.862 

1.4 

0.412 

0.734 

0.860 

2 

0.435 

0.734 

0.855 

4.2.6  Observation  Plane 

Attitude.  The  information  on 

attitude  of  the  observing  aircraft  indicat' 

ed  the  following  averages  for 

each  altitude 

of  observation. 

Altitude 

Attitude 

Forward  Field  of  View 

(Feet.) 

(Degrees) 

Below  Horizontal 
(Degrees) 

1000 

3.9 

18.6 

2500 

5.6 

16.9 

4000 

5.5 

17.0 
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Contrast  Transmission  of  the  Windscreen.  The  photographs  of  the  self- 
luminous  grey  scale  taken  outside  the  plane  established  the  character¬ 
istic  curve  of  the  film  and  a  means  for  converting  directly  from  film 
density  to  luminance.  Only  those  frames  were  used  which  had  the  entire 
grey  scale  on  the  straight  line  portion  of  the  characteristic  curve.  The 
characteristic  curve  was  fitted  to  the  data  by  the  least  squares  method 
and  the  densities  of  the  films  taken  from  inside  the  airplane  were  con¬ 
verted  to  luminance  values  by  equation. 

The  technique  for  obtaining  contrast  transmittance  is  illustrated  in 
Fig.  26.  The  data  are  from  one  of  the  films  taken  through  the  windscreen 
and  reflector. 

» 

bB0  =  inherent  background  luminance 

(self-luminous  grey  scale  measured  in  air) 


t,Br  =  apparent  background  luminance 

(self-luminous  grey  scale  measured  through 
windscreen) 

Cr/C0  =  contrast  transmittance  of  windscreen 

T  =  beam  transmittance  of  windscreen 

B*  =  path  luminance  due  to  light  scattered  or 
reflected  by  windscreen 


LOG  (bBo/bBR^ 


FIGURE  26- CONTRAST  TRANSMISSION  OF  THE  WINDSCREEN 
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Contrast  transmittance  is  a  function  of  bBoT/Bw  as  follows: 

log  Cr/C0  =  log  - 

bBoT 

and  as  such  can  be  plotted  as  a  function  of  bB0T/B*.  The  inner  scales 
go  with  the  solid  curve  and  represent  one  piece  of  graph  paper. 

Contrast  transmittance  is  also  a  function  of  bBo/bBr: 

log  Cr/C0  =  log  (bBc/bBr)  +  log  T 

and 


log  (bB0T/B*)  =  log  bB0  +  log  (T/B*) 

On  a  similar  scale  (outside  scales  on  Fig.  26)  log  (bBo/bBr)  is  plotted 
as  a  function  of  log  bBo-  The  vertical  and  horizontal  displacement  of  the 
two  graphs  yields  log  T  and  log  (T/B*)  respectively.  On  the  vertical 
scales: 


log  T  =  log  Cr/CQ  when  log  (bB0/bBr)  =  0* 


On  the  horizontal  scales: 


log  B*  =  log  bB0  when  log  (bB0'J’/B*)  =  log  T. 
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The  contrast  transmittance  answer  is  read  where  the  apparent  background 
luminance  estimate  (the  inherent  background  luminance  is  expected  to  be 
slightly  less  than  the  apparent  value)  is  on  the  log  ^B0  scale.  In  the 
instance  in  Fig.  26,  the  dirt  luminance  was  1250  foot-lamberts  or  greater, 
therefore  the  log  ~  3.097  and  Cr/C0  -  0.97. 

The  average  contrast  transmittance  of  the  windscreen  was  0.96. 

4.2.7  Observers.  The  spectral  transmission  of  the  visors  on  the  helmets 
of  the  pilots  was  measured  on  the  Hardy  spectrophotometer.  These  duta 
are  presented  in  Fig.  27.  The  photopic  transmittance  of  the  goggles  was 
calculated  to  be  0.C401. 


4.3  Sighting  Range  Predictions 

4.3.1  Computer  Program.  The  punch  cards  containing  the  results  of  the 
densitometer  measurements  of  the  tank  and  radar  van,  and  the  grey  scales 
for  each  film  strip,  were  the  target  data  input  to  the  computer  programs. 
There  were  essentially  four  parts  to  the  computer  program  for  determin¬ 
ing  the  inherent  target  index. 

1)  The  information  from  the  three  exposures  of  the  grey  scale  were 
used  to  determine  one  complete  characteristic  curve  for  each  film  strip 
and  this  curve  was  put  into  analytic  form. 

2)  The  densitometer  values  for  each  target  were  converted  to 
relative  luminance  values  by  means  of  the  analytic  functions  determined 
above.  The  average  background  luminarce  was  obtained  by  averaging  the 
values  in  the  upper  left-hand  corner  cf  the  frame,  and  the  contrast 

of  each  part  of  the  target  was  computed. 
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FIGURE  27- SPECTRAL  TRANSMISSION  OF  THE  GOGGLES 
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3)  The  densitometry  had  been  accomplished  covering  a  rectangular 
grid,  each  element  of  which  was  square  and  small  in  angular  subtense. 
The  third  program  combined  the  necessary  elements  and  portions  of 
elements  to  obtain  a  grid  with  elements  l/2  by  l/2  minutes  in  angular 
subtense.  This  grid  was  the  inherent  contrast  map  of  the  target.  The 
grid  for  the  radar  van  at  the  appropriate  angular  subtense  for  an 
observer  at  4000  feet  is  presented  in  Table  IV. 


Table  IV  INHERENT  CONTRAST  MAP  OF  RADAR  VAN 


Row 

Column 

1 

2 

3 

4 

5 

6 

7 

8 

1 

+0 

.049 

+0.001 

+0.005 

-0.016 

-0.410 

-0.471 

-0.129 

+0.006 

2 

+0 

.011 

-0.038 

-0.037 

-0.055 

-0.762 

-0.848 

-0.320 

+0.004 

3 

-0 

.014 

-0.087 

-0.217 

-0.278 

-0.806 

-0.811 

-0.348 

-0.027 

4 

-0 

.059 

-0.276 

-0,764 

-0.763 

-0.699 

-0.635 

-0.254 

-0.023 

5 

-0 

.031 

-0.069 

-0.073 

-0.064 

-0.062 

-0.074 

-0.066 

-0.036 

Observer  altitude:  4000  Feet 
Depression  Angle  of  path  of  sight:  9° 
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4)  The  final  program  performed  the  convolution  integral  of  the 
target  contrast  and  the  summative  function  for  the  appropriate  visual 

data.  The  result  was  the  inherent  target  index  appropriate  to  the 

target  as  seen  by  the  observer  at  a  given  altitude  and  path  of  sight. 

A  comparison  was  made  between  target  indexes  derived  from  the  sum¬ 

mative  function  program  and  those  determined  by  graphical  methods.  The 
target  chosen  was  a  simple  one  visually  and  the  comparison  is  excellent 
as  can  be  seen  in  Table  V.  The  two  methods  would  expect  to  yield 
results  further  apart  for  the  early  morning  targets  with  the  long 
shadows  and  odd  overall  shapes.  A  target  containing  both  positive  and 
negative  elements  would  compare  least  well,  with  the  summative  function 
representing  the  visual  response  more  accurately  than  the  graphical 
method. 


Table  V  COMPARISON  OF  INHERENT  TARGET  INDEXES  DERIVED  FROM 

SUMMATIVE  FUNCTIONS  WITH  THOSE  DETERMINED  GRAPHICALLY 


INHERENT  TARGET  INDEX 

Angle  from  Fixation  Summative  Function  Graphical 


0 

24.1 

23.4 

1.25 

17.3 

17.2 

2.5 

12.0 

11.3 

5.0 

6.73 

6.53 

7.5 

4.78 

4.84 

10.0 

3.61 

3.78 

12.5 

2.92 

2.93 

Target:  Radar  Van  Observer  Altitude:  4000  Feet 
Depression  angle  of  path  of  sight:  9° 
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4.3.2  Calculation  of  Sighting  Range.  The  inherent  target  index  is 
multiplied  by  the  contrast  transmittance  of  the  atmosphere  and  the 
contrast  transmittance  of  the  windscreen  to  obtain  the  apparent  target 
index.  All  the  indexes  for  one  target  at  one  altitude  are  then 
graphed  as  a  function  of  depression  angle  of  the  path  of  sight  as  in 
Fig.  28.  This  graph  is  used  to  interpolate  to  find  the  appropriate 
depression  angle  for  each  angle  from  fixation  for  an  assumed  field 
factor.  The  dotted  line  represents  the  field  factor  3.6.  These 
interpolated  depression  angles  are  next  graphed  as  a  function  of  the 
angle  from  fixation  as  illustrated  in  Fig.  29.  The  definition  of  the 
boundaries  of  the  detection  lobe  is  determined  using  this  graph.  The 
center  of  the  lobe  is  the  depression  angle  of  the  path  of  sight.  The 
depression  angle  of  the  forward  edge  of  the  lobe  is  found  at  the 
intersection  of  a  45°  line  from  the  path  of  sight  scale  to  the  solid 
curve.  This  is  the  point  where  the  angle  from  fixation  is  equal  to 
the  difference  between  the  paths  of  sight  representing  the  forward 
edge  and  the  center.  The  depression  angle  of  the  reverse  edge  is 
found  in  a  similar  manner. 


APPARENT  TAR6ET  INDEX 
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depression  ANGLE  OF  PATH  OF  SIGHT 


(DEGREES) 


FIGURF  28- PREDICTIONS  OF  VISUAL  RESPONSE  TO  THE  RADAR  VAN  FOR 
THE  OBSERVER  AT  AN  ALTITUDE  OF  4000  FEET 


ANGLE  FROM  FIXATION  (DEGREES) 
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FIGURE  29  -ANGULAR  DEFINITION  OF  THE  DETECTION  LOBE 
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These  depression  angles  defining  the  lobe  are  determined  for  a 
series  of  paths  of  sight  for  the  center  of  the  lobe.  The  depression 
angle  data  are  then  converted  to  the  appropriate  horizontal  distance 
from  the  observer  for  the  altitude  of  observation.  On  a  linear  scale 
the  horizontal  distances  for  the  center  and  edges  of  the  lobe  are 
graphed  as  a  function  of  the  horizontal  distance  to  the  center  of  the 
lobe,  as  in  Fig.  30.  The  horizontal  line  near  the  top  of  the  graph 
illustrates  one  linear  definition  of  the  detection  lobe  for  one  path 
of  sight. 

Three  curves  are  drawn  connecting  all  the  forward  edge  points, 
center  points,  and  reverse  edge  points.  This  graph  may  now  be 
interpreted  in  the  manner  illustrated  by  the  vertical  dotted  line  at  the 
lower  edge  of  the  graph.  A  vertical  line  drawn  through  the  three 
solid  curves  defines  the  linear  limits  of  the  paths  of  sight  in  which 
detection  can  occur  for  the  observer-to-target  distance  of  17  500  feet. 

The  probability  for  one  look  (P^)  at  a  given  observer-to-target 
distance  is  defined  by  the  distance  increment  (above)  representing 
the  paths  of  sight  in  which  detection  can  occur  (AD)  divided  by  the 
region  within  which  the  observer  will  search  (R). 


Pi 


HORIZONTAL  OISTANCE  TO  CENTER  OF  LOBE  (FEET) 


HORIZONTAL  DISTANCE  FROM  OBSERVER  TO  CENTER  AND 
EDGES  OF  LOBE  (FEET) 


FIGURE  30  -  LINEAR  DEFINITION  OF  THE  DETECTION  LOBE,  AND  THE  PATHS  OF 
SIGHT  APPROPRIATE  TO  DETECTION  AT  A  GIVEN  OBSERVER- TO- 


TARGET  DISTANCE 
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This  search  region  will  be  defined  next.  The  angular  picture  of  the 
forward  field  of  view  as  a  function  of  flight  time  after  passing  the 
40  000  South  point  on  the  bulldozed  strip,  is  depicted  in  Fig.  31.  All 
of  the  region  within  which  the  target  is  expected  to  appear,  0  North 
to  26  000  North,  is  visible  forward  at  the  4000-foot  observation 
altitude  until  65  seconds  have  elapsed.  However,  for  the  first  28  seconds 
the  radar  van  is  too  small  to  be  detectable  anywhere  in  the  target 
region. 

A  linear  representation  of  this  same  forward  field  of  view  is 
depicted  in  Fig.  32.  For  a  random  search  case,  the  search  region  is 
26  000  feet  (the  vertical  distance  between  the  two  solid  lines)  until 
65  seconds  flight  time.  From  then  on  the  region  is  defined  by  the 
vertical  distance  in  the  unshaded  region  between  cockpit  edge  and  the 
26  000  North  position. 

It  was  assumed  that  the  pilot  would  probably  have  a  rough  idea  of 
how  far  he  could  see  the  target  and  would  therefore  restrict  the 
region  in  which  he  would  search  to  a  distance  somewhat  above  the 
foveal  threshold  distance.  The  parallelogram  bounded  by  a  line  2000 
feet  beyond  foveal  distance,  the  cockpit,  and  0  and  26  000  North, 
defined  the  search  region  at  each  flight  time  for  the  systematic 


search. 


DEPRESSION  ANGLE  OF  PATH  OF  SIGHT 

(DEGREES) 
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FIGURE  31 -ANGULAR  SUBTENSE  OF  BULLDOZED  STRIP  AND 
ITS  POSITION  IN  THE  FIELD  OF  VIEW  AS  A 

FUNCTION  OF  FLIGHT  TIME 


HORIZONTAL  DISTANCE  FROM  OBSERVER  (FEET) 
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FIGURE  32-  LINEAR  REPRESENTATION  OF  THE  FIELD  OF 
VIEW  AS  A  FUNCTION  OF  FLIGHT  TIME 
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The  probability  of  detection  for  one  look  for  systematic  search 
was  graphed  as  a  function  of  observer-to- target  distance  for  each 
target  position  used  in  the  field  experiment.  This  is  illustrated  in 
Fig.  33.  The  0  and  26  000  North  positions  were  not  used  in  the  experi¬ 
ment  but  they  are  included  on  the  graph  to  illustrate  the  range  of  the 
probabilities  as  a  function  of  target  position  on  the  bulldozed  strip. 

The  cumulative  probability  (Pc)  for  systematic  search,  in  which  it 
is  assumed  there  will  be  some  redundancy  in  the  search  pattern  is 

O  * 

defined  as  follows:0 


Pc  =  1  -TT( l  -  Pi)  . 

The  cumulative  probability  of  detection  is  graphed  as  a  function  of 
horizontal  distance  from  observer-to-target  for  each  target  position  in 
Fig.  34. 

The  relationship  of  the  median  and  the  mean  (or  average)  to  the 
cumulative  probability  curve  is  illustrated  in  Fig.  35.  The  median  is 
the  distance  at  the  cumulative  probability  of  50  percent.  The  normal 
distribution  bargraph  is  recovered  from  the  cumulative  probability  by 
taking  the  differential  of  the  integral.  The  mean  is  found  by  summing 
the  product  of  the  distance  times  the  weighting  as  assigned  by  the 
bargraph.  The  median  and  average  (or  mean)  sighting  distances  reported 
in  Section  3.2  are  the  values  for  each  target  position  weighted  by  the 
number  of  observers  at  each  target  position,  divided  by  the  number  of 
observers  for  the  given  target  at  that  altitude  of  observation. 
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20000  29  000  30  000 

HORIZONTAL  DISTANCE  FROM  OBSERVER  TO  TARGET  (FEET) 

FIGURE  33  -  PROBABILITIES  FOR  ONE  LOOK  FOR  SYSTEMATIC  SEARCH  AS  A 

FUNCTION  OF  OBSERVER  -  TO  -  TARGET  DISTANCE  AND  TARGET  POSITION 
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HORIZONTAL  DISTANCE  FROM  OBSERVER  TO  TARGET  (FEET) 


FIGURE  34  -  CUMULATIVE 


PROBABILITY  OF  DETECTION  FOR 


SYSTEMATIC  SEARCH 


CUMULATIVE  PROBABILITY  (SOLID  CURVE) 


SIO  Ref.  63-23  -79- 


figure  35  -  THE  PREDICTED  MEAN  AND  THE  MEDIAN  SIGHTING  DISTANCES 

FOR  TARGET  POSITION  5000  NORTH 
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4.4  Predictions  of  Recognition 

4.4.1  Computer  Program.  The  recognition  computer  program  was  essentially 
in  four  separate  parts. 

1)  The  angular  subtense  of  the  original  contrast  grid  for  the 
radar  van  and  the  tank  was  examined  for  each  altitude  of  observation 

and  path  of  sight.  The  target  with  the  grid  elements  having  the  smallest 
size  was  made  equivalent  to  the  larger  grid  element  size  for  each  path 
of  sight  by  the  appropriate  combination  of  grid  elements.  This  is 
similar  to  step  (3)  in  the  detection  program. 

2)  The  grids  for  the  radar  van  and  the  tank  of  equivalent  grid 
element  size,  at  each  path  of  sight  were  superimposed  one  on  top  of  the 
other.  A  sum  of  the  products  of  the  two  contrasts  was  computed  foi  all 
possible  superpositions.  The  superposition  yielding  the  maximum  sum  of 
the  products  designated  the  position  of  greatest  equivalency.  In  this 
superposition  the  contrast  of  the  tank  was  subtracted  from  the  contrast 
of  the  radar  van. 

3)  The  contrast  difference  grid,  which  still  had  elements  very 
small  in  angular  subtense,  was  converted  to  a  grid  having  elements 
l/2  minute  in  angular  subtense.  (This  is  the  same  step  as  (3)  in 

the  detection  program.)  This  grid  served  as  the  contrast  difference  map 
for  use  with  the  visual  thresholds.  An  example  of  one  of  these  maps 
is  given  on  Table  VI. 
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Table  VI  MAP  OF  INHERENT  CONTRAST  DIFFERENCE  BETWEEN  THE  RADAR  VAN 

AND  THE  TANK 


Row  Column 

1 

2 

3 

4 

5 

6 

7 

8 

1 

+0.048 

-0.037 

—0 . 048 

-0.055 

-0.415 

-0.492 

-0.142 

-0.010 

2 

+0.011 

-0.043 

-0.016 

-0.027 

-0.233 

-0.422 

-0.297 

+0.017 

3 

-0.015 

-0.096 

-0.186 

-0.065 

-0.088 

-0.235 

-0.134 

-0.015 

4 

-0.058 

-0.263 

-0.619 

-0.163 

-0.115 

-0.081 

-0.053 

-0.023 

5 

-0.031 

-0.082 

-0.039 

-0.029 

-0.028 

-0.042 

-0.051 

-0.032 

Target  Altitude:  4000  Feet 
Depression  angle  of  path  of  sight:  9° 


4)  The  signal  difference  map  was  the  target  information  for  the 
convolution  integral.  The  visual  thresholds  from  which  the  appropriate 
visual  summative  function  had  been  derived  for  use  in  the  recognition 
program  were  for  long  fixation  times  for  a  background  luminance  of 
100  foot-lamberts.^  The  convolution  integral  of  the  visual  summative 
function  and  the  contrast  difference  was  computed  resulting  in  the 
inherent  target  index  for  the  signal  difference. 
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4.4.2  Recognition  Calculations.  The  inherent  target  index  for  the 
signal  difference  was  multiplied  by  the  contrast  transmittance  of 
the  atmosphere  and  the  contrast  transmittance  of  the  windscreen  to 
obtain  the  apparent  target  index. 

The  cumulative  probability  for  conditional  recognition  was 
defined  as  the  cumulative  probability  that  the  signal  difference  could 
be  detected  if  the  target  itself  had  already  been  detected  with 
100  percent  probability  of  detection  2.7  seconds  earlier.  The 
2.7  second  time  interval  was  to  allow  the  observer  to  fixate  on  the 
target  long  enough  to  maximize  his  contrast  sensitivity  and  to  allow 
for  cortical  functioning.^ 

The  relationship  of  the  cumulative  probability  of  conditional 
recognition  to  the  target  index  for  the  signal  difference  was  assumed 
to  be  similar  to  the  relationship  defined  by  an  earlier  psychophysical 
experiment  on  signal  differences.^  Figure  36  contains  a  graph  of 
that  relationship. 

The  computer  program  and  the  contrast  transmittance  information 
provided  the  measure  of  apparent  target  index  as  a  function  of 
depression  angle  of  path  of  sight  for  each  observer  altitude.  By  means 
of  the  graph  in  Fig.  36  this  was  translated  into  a  graph  of  cumula¬ 
tive  probability  as  a  function  of  depression  angle  of  path  of  sight. 


CUMULATIVE  PROBABILITY 


TARGET  INDEX  FOR  CONDITIONAL  RECOGNITION 


FIGURE  36  -  CUMULATIVE  PROBABILITY  OF  RECOGNITION 

IF  TARGET  HAS  BEEN  DETECTED  WITH  100% 
PROBABILITY  FOR  2.7  SECONDS  OR  MORE. 
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Finally  the  horizontal  distance  from  the  observer  to  target  was  computed 
from  the  depression  angles.  Then  a  graph  of  cumulative  probability 
for  conditional  recognition  as  a  function  of  horizontal  distance  was 
made  as  in  Fig.  37.  The  cumulative  probability  of  detection  for  field 
factor  3.6  for  the  radar  van  from  the  obsexver  altitude  of  4000  feet  is 
the  middle  curve.  The  innermost  curve  is  the  probability  of  detection 
applied  to  distances  representing  2.7  seconds  after  detection. 

The  final  probability  of  recognition  at  each  observer-to-target 
distance  is  the  product  of  the  probability  of  conditional  recognition 
and  the  probability  of  detection  applied  to  2.7  seconds  after  detection. 
In  all  cases  related  to  this  field  experiment,  the  probability  of  con¬ 
ditional  recognition  had  reached  100  percent  before  the  probability 
of  detection  applied  to  2.7  seconds  after  detection  had  become 
greater  than  zero.  Therefore,  it  was  predicted  as  an  upper  limit  that 
the  recognition  could  occur  2.7  seconds  after  detection,  or  at  a 
distance  1200  feet  closer  than  the  appropriate  detection  distances. 


CUMULATIVE  PROBABILITY 
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RECOGNITION 


TARGET-  RADAR  VAN 
OBSERVER  ALTITUDE5 
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HORIZONTAL  OISTANCE  FROM  OBSERVER  TO  TARGET  (FEET) 


FIGURE  37  -  TYPICAL  RELATIONSHIP  BETWEEN  PROBABILITIES  OF  DETECTION  AND 

CONDITIONAL  RECOGNITION 
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